Background: Previous studies have reported a relationship between masseter muscle thickness and tooth loss or limb muscle thickness. However, it is not yet known whether masseter muscle thickness is related to appendicular skeletal muscle mass, and grip strength. The purpose of this study was to determine which of the two variables-tooth loss or appendicular skeletal muscle mass index-is more strongly related to masseter muscle thickness, and to identify a suitable indicator of decreasing masseter muscle thickness in healthy elderly individuals. Methods: Grip strength, walking speed, body weight, skeletal muscle mass index, tooth loss, and masseter muscle thickness at rest and during contraction were determined in 97 community-dwelling elderly individuals aged ≥65 years (men: 44, women: 53). Masseter muscle thickness was chosen as the dependent variable, while age, skeletal muscle mass index, body weight, grip strength, and tooth loss were chosen as the independent variables. Multiple regression analysis was conducted using the stepwise regression method.
Background
A generalized reduction in skeletal muscle mass and muscle strength occurs with aging. However, in elderly individuals, the influence of tooth loss on weakening of the masseter muscle-one of the masticatory muscles-must also be considered. A previous study showed that the masseter muscle is significantly thinner in an edentulous population than in a dentulous population [1] . Furthermore, the loss of masseter muscle mass due to tooth loss is well known [2] .
Recent studies have reported a reduction in the strength of the perioral muscles due to sarcopenia [3] .
Sarcopenia, due to aging and other reasons, results in a reduction in skeletal muscle mass, muscle strength, and physical function [4] . With regard to reduction in perioral muscle mass due to sarcopenia and malnutrition, a 2-year longitudinal study in elderly trauma patients showed the cross-sectional area of the masseter muscle to be a better predictor of 2-year mortality than the crosssectional area of the psoas muscle. The psoas crosssectional area is known as one of the objective indicators of sarcopenia, but cross-sectional area of the masseter muscle was shown to be a better predictive marker of sarcopenia in this study [5] . In addition, a cross-sectional study in 104 elderly individuals showed that tongue thickness decreases due to undernutrition in this population [6] .
Another cross-sectional study in 197 community-dwelling elderly individuals showed that the reduction in perioral muscle strength due to sarcopenia results in reduced jaw opening force and tongue pressure [7] . The reduction in masseter muscle thickness (MMT) has also been shown to be related to a reduction in occlusal force and chewing ability [8] , leading to difficulties in eating [9] , and consequently, risk of malnutrition [10] . A previous study showed that 25% of community-dwelling elderly individuals were at risk of malnutrition [11] . Hence, it is important to ensure that the MMT is maintained in elderly individuals, so that masticatory function is preserved, thereby preventing malnutrition.
However, to date, it is unknown which one of the two factors-tooth loss or appendicular skeletal muscle mass and strength-have a stronger relationship with masticatory muscle mass and muscle strength. Identification of factors affecting MMT would enable the development of measures to prevent the weakening of the masseter muscle, thereby preserving masticatory function. Therefore, the aim of the present study was to determine which of the two variables-tooth loss or appendicular skeletal muscle mass index-is more strongly related to MMT, and to identify a suitable indicator of decreasing MMT in healthy elderly individuals.
Methods

Subjects
We enrolled 97 healthy community-dwelling elderly individuals aged ≥65 years. Two types of subject recruitment were conducted between December 2015 and August 2016. The first type of recruitment was conducted jointly by Tokyo Medical and Dental University and Oyama city (Tochigi, Japan), and involved volunteers who participated in a health survey targeting healthy elderly people in Oyama city. The second type of recruitment involved healthy elderly people who presented to the Gerodontics Clinic of the Dental Hospital at Tokyo Medical and Dental University for dental treatment. Of these elderly people, those with independent activities of daily living, who were able to follow instructions, and willing to participate, were included in this study. Those with a history of conditions that would affect muscle mass, such as neuromuscular diseases, were excluded. In addition, a previous study had shown that the crosssectional area of the masseter muscle could be a marker of sarcopenia [5] , so we excluded patients with sarcopenia to eliminate the effect of sarcopenia on MMT. Sarcopenia was diagnosed in accordance with the Asian Working Group for Sarcopenia algorithm [12] . Of a total of 128 participants, we excluded 21 because they were younger than 65 years, and another 10 because they had sarcopenia. We calculated the required sample size after estimating an effect size of 0.32 based on a previous research [6] using the G*Power3.1 software (Kiel University, Kiel, Germany). According to our calculations, using alpha = 0.05, power = 0.8, and effect size = 0.32, 43 patients would be required for the study. Informed consent was obtained from subjects for participation in the study, and the study was approved by the Tokyo Medical and Dental University Ethics Committee (ref: D2014-047). This research was a cross-sectional study, so participants were not followed up.
Grip strength
Grip strength was measured using a hand dynamometer (TTM Inc., Chiba, Japan) with the subject in a standing position and their feet a shoulder-width apart. Measurements were taken twice in the dominant hand, and the larger value was taken as the final value.
Walking speed
Subjects were instructed to walk along an 11-m walking path comprised of a 3-m acceleration path, a 5-m measurement path, and a 3-m deceleration path. We measured the time it took to walk from the start of the measurement path to the end. The walking speed was then calculated from these measurements.
Skeletal muscle mass index
We measured appendicular muscle mass by bioimpedance analysis using In Body S10 (In Body Japan Inc., Tokyo, Japan). During measurements, subjects were instructed to rest in a seated position. The acquired appendicular muscle mass was divided by the square of the subject's height and used as the skeletal muscle mass index (SMI).
Tooth loss evaluation
Three dentists with at least 5 years of experience confirmed the condition of tooth loss through intraoral examination. The Eichner classification was used to classify patients in terms of tooth loss [13] . Subjects with all four regions of occlusal support in the right and left premolars, and the right and left molar regions were classified as the Eichner A group, those who had partial occlusal support in the premolar and molar region or occlusal support for the anterior teeth were classified as the Eichner B group, and subjects without any occlusal support were classified as the Eichner C group.
Masseter muscle thickness
MMT was measured by one dentist using the portable color ultrasound system, My Sono U6 (Samsung Madison Inc., Seoul, Korea). Subjects were instructed to sit, and the left and right MMTs were measured at rest and during contraction. The subjects were instructed to bite down as hard as possible for the measurements taken during contraction. We used a linear probe with a broadband frequency of 5-12 Mhz. Measurements were obtained at the midpoint between the zygomatic arch and mandibular angle, approximately parallel with the Camper's plane along a line connecting the point under the nasal wing with the tragus of the ear, and the probe was placed perpendicular to the skin surface (Fig. 1 ). Measurements were taken twice, with a minimum of 2-min intervals between the first and the second measurements. Measurements were made using the stored image (Fig. 1) . The thickest part on the image was determined [14] , and the mean value of the right MMT was taken as the measurement. Intra-class correlation coefficients (ICCs) were calculated for measurements of MMT at rest and during contraction and the intra-rater reliability was assessed (Table 1) . ICC (1,1) was the ICC for a single measurement by a single examiner, ICC (1,2) was the ICC for the mean of two measurements by a single examiner. ICC (1,2) exceeded 0.9, demonstrating a high intra-rater reliability.
Statistical analysis
The normality of data was confirmed using the ShapiroWilk test. Tests for significance were then conducted using one-way analysis of variance and Kruskal-Wallis test between each category of the Eichner classification. Statistical significance was set at P < .05. In addition, Tukey's honest significant difference test was used for multiple comparisons of MMT during contraction in men and MMT at rest in women. MMT at rest and during contraction were set as the dependent variables, while age, SMI, body weight, grip strength, and tooth loss were the independent variables. Tooth loss was entered into the regression model as a categorical variable (Eichner A, B, or C). Multiple regression analysis was conducted using the stepwise regression method with analysis of variance to test for statistical significance. The correlation matrix table was confirmed in advance. Correlations between MMT and each parameter were assessed using Pearson's correlation coefficients and Spearman's rank correlation coefficients.
There was a gender difference in the independent variables when the multiple regression analysis included both men and women; therefore, multiple regression analysis was conducted separately for men and women. Data were analyzed with SPSS version 21.0 J (IBM Inc., Tokyo, Japan).
Results
Subject characteristics are shown in Table 2 . There were significant differences (P < .05) between different Eichner classifications in age and MMT during contraction in men, and in age, walking speed, and MMT at rest in women. Tukey's honest significant difference test revealed significant differences between Eichner A and Eichner B, and between Eichner A and Eichner C in men (Fig. 2) . There was no significant difference in MMT at rest in women in Tukey's honest significant difference test.
The correlation between the variables was confirmed in Table 3 , and none of the variables had r > .8. The results of the multiple regression analysis conducted separately for men and women using MMT at rest and during contraction as the dependent variables are shown in Table 4 . The adjusted R 2 was 0.3 or less; therefore, there was not a high degree of consistency. However, the data represented the extent to which independent variables affected dependent variables. Table 4 shows that the independent predictor of MMT at rest was grip strength in men, and tooth loss, grip strength, and whole-body weight in women. During muscle contraction, the independent variables were tooth loss and grip strength in men, and tooth loss only in women. A comparison of the standard partial regression coefficients of tooth loss (− 0.39, P < 0.01) and grip strength (0.32, P = 0.03) with MMT during contraction in men showed that tooth loss had a stronger relationship with MMT than did grip strength. A comparison of the standard partial regression coefficients of tooth loss (− 0.35, P < 0.01), grip strength (− 0.27, P = 0.05), and body weight (0.38, P < 0.01) with MMT at rest in women showed that tooth loss and body weight had a similar strength of association with MMT. In men, the relationship between grip strength and MMT was observed both at rest and during contraction, but in women, it was observed only at rest. For tooth loss, the relationship with MMT was observed both at rest and during contraction in women, but only during contraction in men.
Discussion
We investigated the relationship of age, tooth loss, grip strength, and SMI with MMT in healthy elderly individuals.
Our results indicate that MMT in men and women is associated with both tooth loss and grip strength. However, some gender differences were noted. Although there is no previous report on the relationship between grip strength and MMT, a relationship between grip strength and occlusal force has been reported in 489 community-dwelling elderly individuals aged ≥85 years [15] . In another study, grip strength was shown to have a higher correlation with body skeletal muscle mass than did knee extension strength in 405 community-dwelling elderly individuals, suggesting that it could be used as a reasonable indicator of body skeletal muscle strength in this population [16] . We consider why grip strength and occlusal force in elderly individuals were related.
Aging is one of the factors that result in a decrease in muscle strength. In general, muscle mass and muscle strength decrease with age. A previous study reported that the muscle mass of an elderly man aged 70 years is approximately 15% less than that of an adult aged One-way analysis of variance, SMI skeletal muscle mass index, Fig. 2 Statistical difference between masseter muscle thickness (MMT) during contraction in men in Tukey's honest significant difference test 20 years [17] . It has also been reported that not only limb muscle strength but also masticatory muscle strength decreases with aging [15] . This is believed to be due to the effect of the hormones insulin-like growth factor 1 (IGF-1) and testosterone. IGF-1 and testosterone are vital hormones for muscle enhancement and repair. Testosterone has been reported to be related not only to muscle mass but also to muscle strength [18] , and a positive correlation between testosterone and grip strength has been reported [19] . Secretion of these hormones decreases with aging [20] . Furthermore, in a previous study using an experimental mouse model, the masseter muscle mass was shown to decrease after castration and increase by 38% upon testosterone supplementation; the response was more robust than that for limb muscle, suggesting a greater effect of testosterone on masseter muscle mass [21] .
For these reasons, grip strength and occlusal force in elderly decrease similarly. Since it has been shown that MMT is strongly related to occlusal force [22] , an association between MMT and grip strength was anticipated.
In this study, we also showed a relationship between tooth loss and MMT. In a previous study investigating the effect of tooth loss on MMT, the MMT in edentulous patients was observed to be significantly smaller than that in dentate patients [1] . In our research, among men, the MMT in individuals with Eichner C classification was significantly smaller than that in individuals with Eichner A. An increase in MMT due to dental treatment has also been reported previously. A study that compared MMT in edentulous patients immediately after fitting complete dentures with that after three months of use reported that the masseter muscle was significantly thicker after three months of denture wear [1] . It has also been shown that the MMT significantly increases with dental implant therapy [23] . Another study reported an increase in MMT after correction of the occlusal relationship through orthodontic treatment in teenagers [24] . However, these studies were not limited to elderly individuals, and they did not investigate the effect of appendicular skeletal muscle mass and muscle strength. Therefore, to date, it is unknown whether occlusal recovery is effective in increasing MMT and pathologically reduced skeletal muscle mass and muscle strength in elderly patients with sarcopenia. When considering an increase in MMT in healthy elderly subjects due to dental treatment, it is important to consider the cause of muscle atrophy and the ratio of the type of muscle fiber constituting the masseter muscle. Muscle atrophy is caused by aging-related factors such as primary sarcopenia and muscle disuse. Muscle atrophy from disuse is reported to progress at a rate of approximately 10% after one month of bed rest [25] , so this is one of the main causes of reduced muscle mass in elderly individuals. Muscle fiber atrophy associated with disuse is known to involve predominantly type I fibers [26] , while aging involves predominantly type II fibers [27] . The muscle fiber structure of the masseter muscle contains both type I and type II fibers, but reports show that the fibers are mainly type I [28] . Therefore, reduction in masseter muscle mass is considered to be more strongly affected by inactivity rather than aging. Even in the present study, aging did not exhibit a relationship with MMT; instead, tooth loss had a stronger relationship with MMT than did aging and SMI. Therefore, if masseter muscle activity is enhanced through appropriate occlusal recovery [29] , then an increase in MMT could be expected in healthy elderly individuals irrespective of their age.
This study has some limitations. First, the sample size was small, therefore, the effect size was low for MMT at rest in men, and MMT during contraction in women. Using a larger sample size may result in an increase in the effect size. Second, since this study was crosssectional in design, it was not possible to investigate the effect on weakness of the MMT, such as sarcopenia. Third, we only investigated the muscle mass, and did not investigate muscle strength, i.e., occlusal force in the masseter muscle. In a future study, we intend to establish a group comprising patients with sarcopenia, and conduct a more detailed investigation of the relationship between perioral muscle mass and muscle strength. Finally, frailty could also be a confounding factor for MMT [30] , but we have not been able to examine this in this study.
Despite the above limitations, this research provides a clinically significant result that grip strength can be used as an indicator of decrease in MMT, i.e., deterioration of masticatory efficiency [8] . Especially, in men, this relationship was observed both at rest and during contraction of the masseter muscle. In contrast, in women, tooth loss was observed to be associated with MMT both at rest and during contraction of the muscle. Deterioration of masticatory efficiency restricts nutrition intake, such as protein and carbohydrate intake [9] , thereby increasing the risk of malnutrition [10] . Measurement of grip strength is an easy and noninvasive procedure, so it could be useful as a screening tool for decrease in MMT in hospitals as well the community.
Conclusions
We confirmed that MMT in healthy elderly individuals is associated with grip strength. Our results suggest that the decrease in grip strength could be an indicator of decrease in masseter muscle mass, especially in men. Tooth loss has a stronger relationship with MMT than aging and SMI have, in both men and women. Therefore, it is possible to increase the MMT through occlusal recovery in healthy elderly individuals irrespective of their age.
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